Accuracy of P300-based letter selection increases with slower flash rates. Optimal flash rate varies with the individual user. Feedback did not effect performance.
a b s t r a c t
Objective: Brain-computer interface technology can restore communication and control to people who are severely paralyzed. We have developed a non-invasive BCI based on the P300 event-related potential that uses an 8 Â 9 matrix of 72 items that flash in groups of 6. Stimulus presentation rate (i.e., flash rate) is one of several parameters that could affect the speed and accuracy of performance. We studied performance (i.e., accuracy and characters/min) on copy spelling as a function of flash rate. Methods: In the first study of six BCI users, stimulus-on and stimulus-off times were equal and flash rate was 4, 8, 16, or 32 Hz. In the second study of five BCI users, flash rate was varied by changing either the stimulus-on or stimulus-off time.
Results: For all users, lower flash rates gave higher accuracy. The flash rate that gave the highest characters/min varied across users, ranging from 8 to 32 Hz. However, variations in stimulus-on and stimulusoff times did not themselves significantly affect accuracy. Providing feedback did not affect results in either study suggesting that offline analyses should readily generalize to online performance. However there do appear to be session-specific effects that can influence the generalizability of classifier results. Conclusions: The results show that stimulus presentation (i.e., flash) rate affects the accuracy and speed of P300 BCI performance. Significance: These results extend the range over which slower flash rates increase the amplitude of the P300. Considering also presentation time, the optimal rate differs among users, and thus should be set empirically for each user. Optimal flash rate might also vary with other parameters such as the number of items in the matrix. Ó 2010 International Federation of Clinical Neurophysiology. Published by Elsevier Ireland Ltd. All rights reserved.
Introduction
Many people with severe motor disabilities require alternative methods for communication and control. Numerous studies over the past two decades show that scalp-recorded EEG activity can be the basis for non-muscular communication and control systems, commonly called brain-computer interfaces (BCIs) (e.g., Birbaumer et al., 1999; Farwell and Donchin, 1988; Pfurtscheller et al., 1993; Wolpaw et al., 1991; see Wolpaw et al., 2002 and Wolpaw, 2009 for reviews). EEG-based communication systems measure specific features of EEG activity and use them as control signals. Some BCI systems use features that are potentials evoked by stereotyped stimuli (Farwell and Donchin, 1988) . Others use EEG components in the frequency domain that are spontaneous in the sense that they are not dependent on specific sensory events (e.g., Wolpaw and McFarland, 2004) .
The P300-based matrix speller, originally described by Farwell and Donchin (1988) , is a promising approach to providing communication to users with severe motor disabilities (Vaughan et al., 2006) . As noted by Farwell and Donchin, (1988) , the P300 occurs when a subject recognizes a rare target stimulus. Since the P300 signals
